Determination of Risk Areas in the Cimahi City (Drainage Sector) Based on City Sanitation Strategy Guidelines by Juwana, Iwan & Utami, Elvira Rizqita
 1 
 
Journal of Civil Engineering Forum, January 20XX, X(X): xx-xx  
DOI 10.22146/jcef.XXXXX  
Available Online at http: https://jurnal.ugm.ac.id/jcef/issue/archive 
 
Determination of Risk Areas in the Cimahi City (Drainage Sector) Based on City 1 
Sanitation Strategy Guidelines 2 
Iwan Juwana*, Elvira Rizqita Utami  3 
1 Department of Environmental Engineering, Institut Teknologi Nasional, Bandung 4 
*Corresponding authors: juwana@itenas.ac.id 5 
SUBMITTED xxxx REVISED xxxxx ACCEPTED xxxx 6 
ABSTRACT Cimahi City is one of the cities that participated in the Accelerated Habitat Sanitation Development Program in 2011, due to its poor sanitation 
conditions. Even though the coverage of drainage system for Cimahi City in 2015 has reached 89.87%, the flood area in 2018 was still considered high, equals 
to 36.4 hectares or about 0.76% of the total area of Cimahi City. In the past decade, the floods have resulted in the displacement of residents, as well as 
significant financial loss. To contribute to the improvement of the condition, this study was conducted to calculate the level of risk from the drainage sector in 
each urban village of Cimahi City. The overall level of risk is expressed in scores ranging from 1 – 4, with a score of 1 means very low risk and a score of 4 means 
very high risk. The determination of risk scores involves exposure factors and impact factors. Exposure factors consist of the percentage of inundation area, 
sanitation risk index (IRS) score, and the opinions of local government. Whereas, the impact factors consist of population, population density, poverty rate, 
and urban/rural function. Data collected in this study included both primary and secondary data. The primary data was taken through interviews with 
population in the study area, as well as the local government representatives. The secondary data was obtained from different institutions. Results show that 
of the 16 urban villages in Cimahi City, 7 villages are in Risk Category 1, while the other 5, 1 and 2 villages are in Risk Category 2, 3 and 4 respectively. With this 
information, including the map of the risk category for each village, the local government of Cimahi is now able to analyse the floods problem better and is 
expected to create more effective solutions to the flooed-related problems. 
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1 INTRODUCTION 8 
Recent growth, development and increase of population density have given pressure on space and the environment, 9 
due to the needs for housing, industrial / service areas, and supporting facilities, by transforming open land and / or 10 
wetlands into built-up areas in many areas in Indonesia, including in Cimahi City (Iwan Juwana, Muttil, & Perera, 11 
2014; I. Juwana, B. Perera, & N. Muttil, 2009; Noor & Pratiwi, 2016; Nursidika, Sugihartina, Susanto, & Agustina, 12 
2018; Sutiarani & Rahmafitria, 2016). Such developments have severe impacts on the capacity of urban drainage 13 
and flood control facilities and infrastructure (namely rivers, reservoirs, flood pumps and regulating gates) to drain 14 
water to its final destination, which is the sea (Imrona, Budiutama, Darwiyanto, & Handayani, 2019; Wijaya & 15 
Permana, 2017).  16 
Cimahi City is one of the cities that participated in the 2011 Sanitation Settlement Development Acceleration 17 
Program (Samyahardja, 2019; Triningtyas & Putri, 2019). The involvement was initiated because the Cimahi City 18 
Government realised that the sanitation conditions in Cimahi City were still poor (Bahari, Kastolani, Waluya, & 19 
Geografi, 2016; Herdianti, Gemala, & Erfina, 2019). The poor sanitation condition, particularly drainage-related 20 
issues, is shown by occurrence of flood events in many areas of Cimahi City. According to the drainage master plan 21 
of Cimahi, released by the Local Planning Agency as one of the Local Institutions (known as OPD), in Cimahi 22 
Tengah sub-district alone, there are 36 floods spots and 2 floods areas. The main causes of the floods are the poor 23 
condition of drainage infrastructure and poor public sanitation attitudes. In the last decade, these floods have caused 24 
infrastructure damage, economic loss and the decrease of community health (Fauziah, Putu, Sukmono, & Karnisah, 25 
2018; Nandi, 2018; Wisata, Wardhani, & Sulistyowati, 2019). 26 
 27 
Therefore, the development of Cimahi City Sanitation Strategy is needed. This study aims at preparing information 28 
on the risk areas in the City of Cimahi, related to the management of the drainage system as the basis for Cimahi 29 
City Sanitation Strategy  (Fionita & Juwana, 2019; Yasya & Juwana, 2019).  30 
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2 METHODS 32 
For this study, both primary and secondary data are required. The primary data is mainly the sanitation risk index 33 
of the community and opinion of local governments, which both data are obtained through questionnaires. The 34 
secondary data, which includes the maps of the area, existing flood spots, population, population density, poverty 35 
rate, are obtained from documents of government institutions. 36 
 37 
The following steps were carried out in this study: 38 
1. Determination of Weights for Exposure and Impact  39 
As the importance of Exposure and and Impact is not equal, those factors and their subsequent parameters need 40 
to be assigned weights. The exposure factor consists of 3 parameters, namely the percentage of inundation area, 41 
IRS score, and OPD perception. Whereas the impact factor consists of 4 parameters, namely the population, 42 
population density, poverty rate, and urban / rural function. The method used in this step is the Analytical 43 
Hierarchy Process (AHP), as this method is considered the most suitable for such study (Diana & Utari, 2019). 44 
In determining the weighting, a pairwise comparison was performed for each parameter on the exposure and 45 
impact factors. The pairwise rating for the exposure factor is as follows: 46 
- Total population takes precedence over population density. 47 
- Total population takes precedence over poverty rate. 48 
- The population is preferred over the urban / rural function. 49 
- Population density takes precedence over poverty rates. 50 
- Population density takes precedence over urban / rural functions. 51 
- The poverty rate takes precedence over the urban / rural function. 52 
Whereas the impact factors are as follows: 53 
- Percentage of pool area takes precedence over IRS. 54 
- Percentage area of inundation takes precedence over OPD perception. 55 
- IRS takes precedence over OPD perception. 56 
2. Determination of Exposure Score 57 
Once the weights were obtained, the exposure score was calculated by aggregating the values for inundation 58 
area, IRS score, and OPD perception (Fionita & Juwana, 2019; Sunik, Kristianto, & Khamelda, 2018; Yasya & 59 
Juwana, 2019). These values were normalized using a computer-based application provided by the National 60 
Development Planning of Indonesia (BAPPENAS). The values of the parameters were obtained as follow: 61 
a. Percentage Area of Inundation 62 
In calculating the percentage of inundation area in each village in Cimahi City, Equation 1 was used (Yasya 63 
& Juwana, 2019). 64 
% inundation area = 
Inundation Area per Urban Village
Administrative Area per Urban Village
  (1) 65 
b. IRS Score Based on EHRA 66 
The following steps are taken to calculate IRS scores: 67 
- Stratification of Urban Village 68 
The samples were selected through the stratified random sampling method, based on certain population 69 
differences (de Oliveira Arieira, Santiago, Franchini, & de Fátima Guimarães, 2016; Jing, Tian, & 70 
Huang, 2015; Shields, Teferra, Hapij, & Daddazio, 2015), which were population density, poverty rates, 71 
areas drained by rivers, and areas affected by flooding. 72 
- Determination of the Number of Family as Samples 73 
Determination of the number of Family samples was obtained through the Slovin formula. The formula 74 
can be seen in the Equation 2 below. 75 
𝑛 =
𝑁
1 + 𝑁 ×𝑒2
      (2) 76 
Where n is number of samples, N is number of family in Cimahi City, with the error of 10%   77 
- Determination of Number of Respondents 78 
The number of respondents for each urban village was obtained based on stratified sampling method. It 79 
was undertaken by multiplying the number of family and percentage of urban villages per stratum. The 80 
equation is shown below. 81 
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NR1 = n ×   %R     (3) 82 
Where NR1 is number of respondents in stratum 1, n is number of family card samples, and %R is 83 
percentage of urban village per stratum. 84 
 85 
- Determination of Dangerous Sources 86 
From each question 1 - 2 answers will be chosen to determine the level of danger in determining the 87 
weight that will be multiplied in the calculation of the risk index. 88 
For example, the following are questions from the questionnaire given. 89 
Q1 : Is there a waste disposal facilities beside feces disposal in your house? 90 
A  : (a). Yes, there is. 91 
  (b). No, there is no. 92 
 93 
- Weighting 94 
The weight for each question is based on its likely level of drainage risk (I Juwana, Muttil, & Perera, 95 
2016a, 2016b; I. Juwana, Muttil, & Perera, 2012; I Juwana, Perera, & Muttil, 2010; I. Juwana, B. J. C. 96 
Perera, & N. Muttil, 2009). For example, the previous sample question has the weight of 20% because 97 
the question will have strong effects on the final IRS score.  98 
 99 
- Environmental Risk Index Score (IRS) 100 
Once the information from the respondents is obtained, the IRS is calculated using the following 101 
equations.  102 
%Q1= 
number of respondents who answered particular option
total of respondents
× 100% (4) 103 
nQ1 = weight x %Q1     (5) 104 
Where %Q1 is percentage of respondents who answered particular option from question number 1 (Q1) 105 
and nQ1 is risk index score of Q1. Then, finally the final risk index score was calculated by aggregating 106 




c. Relevant Local Institution (Organisasi Perangkat Daerah, known as OPD) Perception 111 
OPD perception is a risk assessment based on the experience or expertise of OPD members on the drainage 112 
component in Cimahi City. In this study, 5 OPDs were selected that would provide perceptions for drainage 113 
risk scores based on OPD perceptions. OPD perception score values wereobtained from an average of the 114 
overall perception score given. 115 
The values from the paramters will then be converted to a score of 1-4, as shown in Equation 3 until 6 below 116 
(Yasya & Juwana, 2019). 117 
X > Xmin +  75% ∙ (Xmax − Xmin) →  4 →  very high risk   (3) 118 
X > Xmin +  50% ∙ (Xmax − Xmin) →  3 →  high risk  (4) 119 
X > Xmin +  25% ∙ (Xmax − Xmin) →  2 → low risk   (5) 120 
X > Xmin +  0% ∙ (Xmax − Xmin) →  1 →  very low risk  (6) 121 
Where x is value per parameter, Xmin is the smallest value in every urban village, and Xmax is the largest value 122 
in every urban village. 123 
After getting these values, then the exposure scores were calculated, shown in Equation 7 below (Yasya & 124 
Juwana, 2019). 125 
Exposure Score = (E1xB1) + (E2xB2) + (E3xB3)  (7) 126 
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Where E1 is score of percentage inundation area, B1 is weight percentage of inundation area, E2 is IRS score, 127 
B2 is IRS score weights, E3 is OPD perception score, and B3 is weight perception of OPD. 128 
3. Determination of IMPACT Score  129 
In determining the impact score, there are 4 parameters included, they are population, population density, 130 
poverty rate, and urban / rural function. 131 
a. Population 132 
The population was calculated by dividing the total population of the village with the number of residents 133 
of the city, as shown in Equation 8 below. 134 
Population  = 
urban village population
city population
× 100%  (8) 135 
b. Population density 136 
The population density value was obtained from the division of the total population by the built area, with 137 
the unit of person / Ha. 138 
Population Density = 
population
wide built area
× 100%   (9) 139 
c. Poverty rate 140 
The poverty rate was calculated by dividing the number of poor households and the total number of 141 
households, as in Equation 10. 142 
Poverty rate = 
population poor family card
total family card
× 100%  (10) 143 
d. Urban / Rural Function 144 
The urban / rural function in each district was based on the Central Bureau of Statistics, with value 1 for 145 
rural and 2 for urban. 146 
All the above scores were then converted to a score of 1-4 with Equation 3 until 6, and followed by the 147 
calculation of impact score, as shown in  Equation 11. 148 
Impact score = (E4xB4)+(E5xB5)+(E6xB6) +(E7xB7) (11) 149 
Where E4 is population score, B4 is population weight, E5 is population density score, B5 is population density 150 
weight, E6 is poverty rate score, B6 is poverty rate weight, E7 is urban/rural function score, and B7 is urban/rural 151 
function weight. 152 
4. Drainage Risk Score Calculation and Mapping 153 
After calculating exposure and impact scores, drainage risk scores can be calculated using Equation 12 (Yasya 154 
& Juwana, 2019), as shown below. 155 
Drainage Risk Score = Exposure Score x Impact Score (12) 156 
Once the final drainage score for each urban village was obtained, then they were plotted in a map to provide 157 
better visualisation of the drainage risk. In the map, the red color represents score value of 4 or the highest risk, 158 
yellow for score of 3, green for score of 2, and blue for score of 1 as the lowest risk.  159 
 160 
3 RESULTS AND DISCUSSION 161 
1. Weighting of Exposure and Impact Scores 162 
The results of assigning weights for each parameter of the exposure and impact factors are shown in Table 1 163 
and Table 2.  164 
Table 1. Exposure Parameter Weight 165 
Parameter Weights 
Percentage of Inundation 70% 
IRS Score 24% 
OPD Perception 6% 
Source: Calculation Results, 2019 166 
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Table 2. Impact Parameter Weight 167 
Parameter Weights 
Population 44% 
Population Density 32% 
Poverty Rate 17% 
Urban/Rural Function 7% 
 168 
2. Exposure Score Determination 169 
In determining exposure scores, 3 parameters were included, they are percentage of inundation area, IRS score, 170 
and OPD perception. These 3 parameters will be converted into scores in the range 1-4 using Equation 3 until 171 
6. 172 
a. Percentage of Inundation Area 173 
Percentage of inundation area is obtained by dividing inundation area by administrative area (Perdani & 174 
Yusuf, 2016; Sitorus, Ashri, & Panuju, 2016). The risk score calculation results can be seen in Table 3. 175 
b. IRS Score 176 
Different levels in each urban village are determined by 4 (four) main criteria, namely population density, 177 
poverty rates, areas drained by rivers and areas affected by flooding. Using these criteria, it was known that 178 
there are no urban village with level 0 and 1. For level 2 there are 6 urban villages, namely Pasirkaliki urban 179 
village, Citeureup urban village, Cipageran urban village, Baros urban village, Leuwigajah urban village 180 
and Cibeber urban village. For level 3 there are 6 urban villages, namely Cibabat urban village, 181 
Karangmekar urban village, Setiamanah urban village, Padasuka urban village, Cimahi Urban village, and 182 
Melong urban village. While level 4 there are 3 urban village, namely Central Cigugur urban village, 183 
Cibeureum urban village and Utama urban village. 184 
Once the level or strata for each village is identified, the number of family to be sampled is determined using 185 
Slovin Formula with an error rate of 10%. Using this formula, it was calculated 100 families to be surveyed. 186 
c. OPD Perception 187 
The OPD's perception is obtained through the results of the interview with the head and staff of the city 188 
drainage section in the Department of Housing and Settlement. The scores are calculated based on an 189 
average of 5 (five) scores given from the head and staff, and the results are shown in Table 3 as follow. 190 
After the calculations of risk score for inundation area, IRS score, and OPD perception are completed, the 191 
exposure scores were then calculated by multiplying the scores with their respective weights. The results of 192 
these calculations are shown in Table 3. 193 




















70% 24% 6% 
North 
Cimahi 
Cipageran 0.71% 2 47 4 2.4 1 2.4 3 
Citeureup 1.08% 3 47 4 2 1 3.1 4 
Cibabat 0.66% 2 46 4 2.4 1 2.4 3 
Pasirkaliki 0.09% 1 47 4 2 1 1.7 2 
Central 
Cimahi 
Cimahi 0.22% 1 46 4 2.4 1 1.7 2 
Karangmekar 0.02% 1 46 4 2 1 1.7 2 
Padasuka 1.83% 4 46 4 2.4 1 3.8 4 
Setiamanah 0.97% 3 46 4 2.4 1 3.1 4 
Baros 0.25% 1 47 4 2 1 1.7 2 
Central Cigugur 1.31% 3 40 1 2.4 1 2.4 2 
South 
Cimahi 
Utama 0.45% 1 40 1 2.2 1 1 1 
Leuwigajah 0.52% 2 47 4 2.2 1 2.4 3 
Cibeber 0.05% 1 47 4 2.4 1 1.7 2 
Cibeureum 0.54% 2 40 1 2 1 1.7 1 
Melong 1.00% 3 46 4 3.4 4 3.3 4 
Maximum Value 3.8 - 
Minimum Value 1 - 
Interval 2.8 - 
 195 
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3. Determination of Impact Score 196 
Similar to the Exposure factor, the Impact score were also calculated but for different parameters. As explained 197 
earlier, the parameters for the Impcat are population, population density, poverty rate, and urban / rural function. 198 
The results of the score calculation are shown in Table 3.  199 

























44% 32% 17% 7% 
North 
Cimahi 
Cipageran 8.63 3 145 1 4.7 1 2 2 2 
Citeureup 6.87 2 212 2 5.1 1 2 1.8 2 
Cibabat 9.77 4 340 4 5.2 1 2 3.4 4 
Pasirkaliki 3.40 1 267 2 4.9 1 2 1.4 1 
Central 
Cimahi 
Cimahi 2.40 1 285 3 9.8 4 2 2.2 2 
Karangmekar 2.97 1 226 2 7.9 3 2 1.7 1 
Padasuka 7.10 3 358 4 7.9 3 2 3.3 4 
Setiamanah 4.24 1 308 3 8.3 3 2 2.1 2 
Baros 3.83 1 170 1 5.8 1 2 1.1 1 
Central 
Cigugur 
8.64 3 367 4 10.6 4 2 3.4 4 
South 
Cimahi 
Utama 6.28 2 165 1 8.1 3 2 1.9 2 
Leuwigajah 8.12 3 206 1 6.9 2 2 2.1 2 
Cibeber 4.97 2 149 1 6.3 2 2 1.7 1 
Cibeureum 11.07 4 402 4 10.9 4 2 3.9 4 
Melong 11.71 4 374 4 4.7 1 2 3.4 4 
Maximum Value 3.9 - 
Minimum Value 1.1 - 
Interval 2.8 - 
Source: Calculation Result, 2019 201 
4. Drainage Risk Score Calculation and Mapping 202 
Finally, once the Exposure and Impact scores were obtained, the drainage risk score was calculated by 203 
multiplying the exposure score and the impact score, the results are shown below in Table 4 and they were also 204 
plotted in a map as shown in Figure1. 205 
Table 4. Drainage Risk Score 206 











Cipageran 3 2 6 2 Low risk 
Citeureup 4 2 8 2 Low risk 
Cibabat 3 4 12 3 High risk 
Pasirkaliki 2 1 2 1 Very low risk 
Central 
Cimahi 
Cimahi 2 2 4 1 Very low risk 
Karangmekar 2 1 2 1 Very low risk 
Padasuka 4 4 16 4 Very high risk 
Setiamanah 4 2 8 2 Low risk 
Baros 2 1 2 1 Very low risk 
Central Cigugur 2 4 8 2 Low risk 
South Cimahi 
Utama 1 2 2 1 Very low risk 
Leuwigajah 3 2 6 2 Low risk 
Cibeber 2 1 2 1 Very low risk 
Cibeureum 1 4 4 1 Very low risk 
Melong 4 4 16 4 Very high risk 
Maximum Value 16 - - 
Minimum Value 2 - - 
Interval 14 - - 
Source: Calculation Result, 2019 207 
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 208 
Figure 1. Mapping Drainage Risk Area in Cimahi City 209 
Figure 1. shows that urban villages of Melong and Padasuka are considered very high risk for their drainage issues. 210 
For these two urban villages, the values of their exposure and impact factors are very low due to the high number 211 
of inundations areas, low number of IRS as well as low value for opinion from related local government officials. 212 
In addition, Melong and Padasuka urban villages also have high population density and poverty rate, which 213 
consequently result in low value of their impact factors. 214 
In contrast to Melong and Padasuka, urban villages of Pasirkaliki, Karangmekar, Cibeber, Baros, Cimahi, Utama 215 
and Cibeureum have less inundation areas, higher number of IRS, lower poverty rates and signifIcantly lower 216 
population density. These differences have resulted in lower values of the overall drainage score, which is interpreted 217 
as having very low drainage risk.  218 
The calculation of drainage risk in this study also reveals that the exposure weight is significantly higher that the 219 
impact weight. The reason is because the impact factors directly relate with the drainage issues, while the exposure 220 
does not relate directly with the drainage issues. Thus, this study shows that some urban villages have high risk 221 
related to impact factors but low risk related to exposure factors, and the urban villages end up with low risk of 222 
overall drainage risk. For example, this is the case for the urban village of Cibeureum. This urban village has the 223 
risk of 1 (very low) for its exposure factors but has the risk of 4 (very high) for its impact factors. In consequence, 224 
due the weights, Cibeureum has the overall risk of 1 (very low). 225 
 226 
4 CONCLUSION 227 
From the research that has been conducted, it can be concluded that the urban villages that are included in very low 228 
risk (score 1) in the aspect of drainage are Pasirkaliki Urban Village, Cimahi Urban Village, Karangmekar Urban 229 
Village, Baros Urban Village, Utama Urban Village, Cibeber Urban Village, and Cibeber Urban Village. As for the 230 
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low risk urban villages (score 2) are Cipageran Urban Village, Citeureup Urban Village, Setiamanah Urban Village, 231 
Central Cigugur Urban Village, and Leuwigajah Urban Village. For urban village that are classified as high risk 232 
(score 3) are Cibabat Urban Village and urban village that are classified as very high risk (score 4) are Padasuka 233 
Urban Village and Melong Urban Village. From this study, it can also be concluded that weights given to impact and 234 
exposure factors have significant effects on the overall drainage risk. In this study, higher weight given to the 235 
exposure factors have resulted in some areas are classified as having low drainage risk, even though those areas have 236 
high risk values for their impact factors. In the future, decision makers in Cimahi City may use the risk map to further 237 
develop relevant strategies for addressing drainage problems in Cimahi. 238 
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